Abstract-Multi-period QoS evaluations have to be considered for obtaining a reliable decision in the service selection process. Besides, open and dynamic Internet environment increased the uncertainty of decision-making. To solve the above difficulties, this paper presents a novel hybrid data type (including real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers) QoS model, multi-period hybrid QoS aggregating operator and a strategy for aggregating composition service QoS firstly. Furthermore, a dynamic Web service composition algorithm based on TOPSIS (DWSCA_TOPSIS) is presented to evaluate multi-period hybrid QoS data. DWSCA_TOPSIS includes four main steps: converting hybrid QoS into intervals, calculating weighted normalized decision-matrix, determining the positive-ideal and negative-ideal solution, calculating the close-degrees of candidates. Finally, some experiments are given using actual QoS data to demonstrate the benefits and effectiveness of our approach.
I. INTRODUCTION
In distributed environment, Web services have become an important part of commercial application. However, most of atomic services can not satisfy the complex user requirements [1] .Therefore, providers expect their services can be integrated into value-added composite services autonomously. With the gradual increase in the number of Web services, there will been a large number of service providers and service consumers, and thus inevitably lots of Web services with the same function and different quality of service (QoS) will appear. According to user's QoS requirements, to select atomic services from the Web service with same function and different quality of service (QoS) is one of the important tasks [1] in service composition process. In the research results of Web service composition algorithm, Zeng et al. [2] presented QoS-driven service selection problem, and it could be solved using the method of multi-objective decision making [1, 3, 4, 5] . However, there are still lots of problems have to be solved in user-centric service selection before forming large-scale business applications. In this paper, the following problems are taken into account based on previous works: 1) the open and dynamic Internet environment and the random Web services lead to the high uncertainty of composition service [6] . Therefore, some QoS attributes should be given by the form of uncertainty to enhance the ability of model description [1] . Interval expression may be more meaningful for some attributes (e.g., latency), which defines their minimal and maximal values [1] . Further, linguistic type is suit for some attributes which cannot be depicted by any explicit number (e.g., reliability) [1] . In the recent results, the description methods of languagebased information include triangular fuzzy numbers [1] and intuitionistic fuzzy numbers [5] . However, the proposed models could not describe the QoS information with the four data types (real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers). Therefore, a new QoS model and aggregation algorithm needs to be presented to solve above problems.2) In order to get more accurate QoS information, it is inevitable to consider the current period and historical period QoS evaluations in the open and dynamic Internet environment. Unfortunately, there is not any appropriate approach for service composition with the multi-period hybrid QoS data. So, a service composition decision making algorithm considered the time dimension of hybrid QoS should be proposed.
To solve above difficulties, this paper presents a new Web service QoS model described by hybrid data types (including real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers) and a novel Web service composition algorithm based on multiattribute decision-making algorithm-TOPSIS is presented. DWSCA_TOPSIS takes multi-period hybrid QoS evaluations into account synthetically and it includes four main steps. First, we introduce a data conversion method to convert hybrid QoS values into interval numbers. Second, the way of calculating weighted normalized decision-matrix is discussed. Thirdly, the method of determining the positive-ideal and negative-ideal solution is introduced. Finally, we present a fineness function to evaluate and rank alternatives.
The remainder of this paper is organized as follows： Section II summarizes the related work in this field．Section III introduces the notion of intuitionistic fuzzy variable and the method of TOPSIS. Section IV introduces our QoS model of Web service. DWSCA_TOPSIS is presented in Section V．A series of experiments is proposed in Section VI to show the effectiveness and benefits of our approach ． Finally, Section VII concludes the paper and outlines our future work.
II. RELATED WORK
In the Web service composition research, LI Zhen et al. [1] proposed a new QoS ontology for describing the hybrid QoS data and the QoS aggregation method, but it cannot describe QoS information with intuitionistic fuzzy numbers. Intuitionistic fuzzy set has been proven to be highly useful to deal with uncertainty and vagueness [7, 8] and applied to QoS-based service selection [5] .Tran VX et al. [3] presented a more comprehensive and detailed QoS ontology (WS-QoSOnto) which involves QoS role, QoS description, QoS level and QoS group concepts, but did not give specific definition of QoS criteria and aggregation methods. A user-driven QoS model was proposed in Ref. [9] , but this real-based QoS model could not describe the QoS attributes with strong uncertainty. An intuitionistic fuzzy set-based QoS model was presented in Ref. [5] . Obviously all of the QoS attributes are described by intuitionistic fuzzy numbers is unreasonable and reduce the accuracy of decision-making algorithm. A QoS model based on random numbers was presented in Ref. [6] . However, it is difficult to find a random function described QoS change accurately in extremely uncertain environment and the establishment of random function needs lots of data samples. And it is unreasonable not to take into account the user's individual QoS requirements. In addition, all above QoS models did not consider multi-period QoS evaluations. Based on the work in Ref. [1] and [5] ,this paper presents a new hybrid QoS model takes all possible QoS expression types (real numbers, interval numbers, triangular numbers and intuitionistic fuzzy numbers) into consideration and may choose one expression type or the combination of multiple expression types according to actual situation. This paper describes five the expression method of QoS attributes in detail, and it can be applied to more QoS attributes similarly. We also give the hybrid QoS aggregation operators and the QoS aggregation algorithm of composition service.
There have been a large number of research results in candidate plans selection algorithms. Within our knowledge the existing candidate plans selection algorithms can be divided into three categories. Firstly, QoS computation. Such as the work presented in Ref. [10] considered the computation of QoS during dynamic selection of services (based on the simple weighted average), and tried to build an open, fair, dynamic QoS computation framework to evaluate the OoS of a vast number of web service. Secondly, mathematical programming. LI Zhen et al. [1] proposed multi-attribute decision making algorithm for supporting heterogeneous QoS model. Zeng et al. [2] presented a QoS-aware middleware platform and a plan selection algorithm based on simple additive weighting method for the purpose of service composition. Ping Wang [5] proposed a new decision model under vague information and extended Max-Min-Max composition of intuitionistic fuzzy sets (IFS) for selection of web services. Tran VX et al. [3] applied AHP algorithm for getting the optimal composition plan. Yi Sun et al. [9] applied AHP and BG methods to get the optimal composition plan. One reliable Web service composition algorithm was designed based on markov decision process in Ref. [6] . Thirdly, heuristics. The genetic algorithm was applied in the Web service composition in Ref. [11, 12] . The particle swarm optimization was applied in the Web service composition in Ref. [13] . Li F et al. [14] proposed a distributed service composition algorithms that can support multiple QoS registry centers.
However, the above algorithms cannot evaluate the hybrid QoS values which can be expressed by real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers. Therefore, they are not adaptive and flexible enough to cope with the Web service composition with the above four expression types QoS. This paper proposed a novel algorithm (DWSCA_TOPSIS) for the Web service composition with the QoS of above four expression types in the first time. Our approach differs from other contributions in several ways: First, we present a hybrid QoS model based on the work in Refs. [1, 5] which supports four data types (real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers), and introduce the hybrid QoS aggregation operators and give the composition service's QoS aggregation algorithm. Second, DWSCA_TOPSIS is presented to solve the optimal plan selection problem with a global optimizing viewpoint, which includes converting hybrid QoS into intervals, calculating weighted normalized decision matrix, determining the positive-ideal and negative-ideal solution, calculating the close-degrees of candidates. Finally, we demonstrate the effectiveness of this approach via a set of experiments.
III. PRELIMINARIES

A. Intuitionistic fuzzy set(IFS)
Intuitionistic fuzzy set (IFS) characterized by a membership function and a non-membership function, is an extension of Zadeh's fuzzy set whose basic component is only a membership function. IFS has been proven to be highly useful to deal with uncertainty and vagueness, and has been applied in many fields such as medical, decision-making [15] .
Let us first review some basic concepts related to IFS [7, 8] . Intuitionistic fuzzy set A in a finite set X can be written as So it can be calculated as
It is obviously seen that for every x X ∈ :
is small, knowledge about x is more certain.
is great, knowledge about x is more uncertain.
( ) ( ) ( )
, ,
is called intuitionistic fuzzy numbers (IFNs). Let A and B are IFNs of the set X , then the related operators [16] are defined as follows in this paper:
B. TOPSIS method TOPSIS (technique for order preference by similarity to an ideal solution) method is presented in Chen and
Hwang [28] , with reference to Hwang and Yoon [29] . TOPSIS is a multiple criteria method to identify solutions from a finite set of alternatives. The basic principle is that the chosen alternative should have the shortest distance from the positive ideal solution and the farthest distance from the negative ideal solution. The procedure of TOPSIS can be expressed in a series of steps: ( )
, where O is associated with benefit criteria, and I is associated with cost criteria.
(4) Calculate the separation measures, using the ndimensional Euclidean distance. The separation of each alternative from the ideal solution is given as ( )
Similarly, the separation from the negative-ideal solution is given as ( ) Rank the preference order. For ranking alternatives using this index, we can rank them in decreasing order. The basic principle of the TOPSIS method is that the chosen alternative should have the "shortest distance"' from the ideal solution and the "farthest distance" from the negative-ideal solution.
IV. QOS MODEL OF WEB SERVICE
In order to distinguish the pros and cons of candidate plans with the similar functionality and different quality of service, it is necessary to establish QoS model. Different service providers and participants may use different QoS concepts for describing service quality information [3, 4, and 5] . It is reasonable to use language to express reliability and reputation which are gotten from the feedback of users [1] . Ortiz G et al. [4] classified QoS criteria into three main categories: Execution Criteria, Service Provider Criteria, and Exception-related Criteria. To facilitate the discussion, the QoS model in this paper includes 5 criteria: price, availability, response time, reliability, reputation, etc. According to actual needs, the QoS model can be extended without modifying the service composition algorithm. Here are the various criteria definitions and metrical methods for atomic Web services and QoS aggregation methods.
A. Quality of service for Web services
Here are the definitions of five criteria and metrical methods.
• Price: The price the client has to pay when invoking a service operation. The price can be calculated as ( ) 
• Reliability: It is the percentage of successfully completed requests of a service within a unit of time. Reliability is the overall measure of a web service to maintain its service quality and the base information derived from the user's feedbacks [1, 26, and 27] . In previous studies, reliability is defined as the exact real numbers or fuzzy numbers. And this paper references the method in Ref. [1, 26, and 27] , which defined reliability as triangular fuzzy numbers (TFNs). We set the language set (very high, high, medium, low, and very low) to describe reliability and be interpreted as triangular fuzzy set ( [8, 10, 10] , [5, 7, 9] , [3, 5, 6] , [1, 3, 4] ,[0,0,2]). So, reliability can be calculated comes from users' feedbacks. Users are not QoS experts, so reputation is expressed with real number cannot reflect users' real wishes. In the previous studies, reputation was defined as the explicit real numbers as well as the intuitionistic fuzzy numbers [5] (IFNs). In reality, it is difficult to identify the reputation of Web service because of the incomplete knowledge owned by user. Intuitionistic fuzzy set is an advanced method than the Fuzzy with more stronger ability of processing fuzzy information [7, 8] .So, we set the language se (very high, high, medium, low, and very low) to describe reputation and be interpreted as intuitionistic fuzzy set ( 0.9, 0.1 , In the 5 criteria of QoS, we can see that price and response time are cost criteria and others are benefit criteria. In addition, upper and lower limits of interval numbers are non-negative real numbers.
B. Hybrid QoS aggregation operators
Atomic service QoS model gives the calculation method of QoS attribute value in a period. In this section, we give the aggregation operators of multi-period hybrid QoS data. 
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be the hybrid QoS aggregation operators, where 1 2 , , , n∈ . By the four algorithms of real numbers, interval numbers [18.19] , triangular fuzzy numbers [20] and intuitionistic fuzzy numbers (Eq.(1), Eq.(2), Eq. (3)), Eq.(4) can be written as follows: 
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C. QoS aggregation
In Web services composition, the general services composition flow model are composed of several task nodes, where each node represents a group of services. Services in the same group have the same function, but with different QoS. This model is in fact a service-based workflow, corresponding to the 4 basic workflow model defined by workflow management coalition (WfMC). Basic workflow model includes sequence, loop, and choice, parallel. Danilo Ardagna and Barbara Pernici [17] simplified workflow model including sequence structure and parallel structure in QoS aggregation. Choice structure is broken down into different execution paths and loop structure is expanded in accordance with the branch probability. Therefore, we only consider sequence and parallel structures in Fig.2 . Composition service QoS can be aggregated as Table 1 , and the QoS calculation formulas of sequence and parallel are listed in Table 1 . 
V. THE PROPOSED DECISION ALGORITHM FOR SERVICE COMPOSITION(DWSCA_TOPSIS)
The QoS model proposed in this paper has a better ability to describe uncertain data in complex Internet environment, which can support real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers. And it has taken multi-period QoS into account too. Unfortunately, there is not any appropriate approach for service composition with hybrid data types and multi-period evaluations. Therefore, we propose a dynamic service composition algorithm (DWSCA_TOPSIS) based on TOPSIS in this section. TOPSIS is a very effective technique to deal with multiattribute or multi-objective decision making problems [21] . From the TOPSIS algorithm, DWSCA_TOPSIS can evaluate multi-period hybrid QoS data synthetically and select the optimal plan from candidates. We construct the multi-attribute hybrid decision matrix of alternative composition plans firstly. Let { } 
There is no loss of generality in assuming that the real numbers, interval numbers, TFNs and IFNs are all not less than 0 in the decision matrix. The details of DWSCA_TOPSIS are described as follows.
A. Converting hybrid QoS into intervals
QoS attributes' data types may be real numbers, interval numbers, triangular fuzzy numbers and intuition fuzzy numbers, which brings about difficulties to select optimal composition plan, so we introduce a method to convert hybrid QoS into interval numbers.
Converting R into IR:
. (9) Converting TFNs into IR: Hepu Deng [23] summarized the method of defuzzification: 1) right value; 2) degree of optimality; 3) α-cut; 4) fuzzy integral; 5) area center; and 6) degree of dominance. All these methods covert triangular fuzzy numbers into real numbers. However, it is more reasonable to convert triangular fuzzy numbers into interval numbers. For example, the value is 1 by fuzzy integral when the language phrase is low [0, 0, 2] in Fig.1 . However, the value should change between 0 and 1 for the actual situation. When the value is 0, the probability of TFNs accord with low is 1. And when the value is 1, the probability of TFNs accord with low is 0.5. Therefore, we convert the triangular fuzzy numbers into interval numbers.
Let , ,
Converting IFNs into IR: Atanassov found a method of converting IFNs into fuzzy number [8] 
Then, we can get the interval decision matrix ( )
by Eq. (9), Eq. (10), and Eq. (11)).
B. Calculating weighted normalized decision-matrix
QoS attribute characteristics include cost and benefit. Benefit characteristic is "the bigger, the better" (such as reputation, availability and reliability) and cost characteristic is "the smaller, the better" (such as price and response time). In order to eliminate the impact of different physical dimension, this paper gives the formula standardized decision-making matrix. Hsu-Shih Shih [21] summarized the related normalization methods; vector normalization is a common method. So, we utilize vector normalization to normalize the interval decision matrix. Let 
After normalizing decision matrix, it is necessary to give the weighted normalized decision matrix based on user's weight. Let .By Interval multiplication [19] , we haveˆ,
C. Calculating weighted normalized decision-matrix
To compare the pros and cons of the candidate plans in weighted normalized decision-making matrixD , a standardization of comparison should be proposed. So, we define the positive ideal solution and the negative ideal solution inD . Fineness degree (close-degree) is the distance from alternative to positive ideal solution. And the plan with biggest fineness degree is optimal plan in all alternatives. in( ),min( ) , ,Characteristic=Benefitˆm
Obviously, s + denotes the ideal plan and s − denotes the imaginary worst plan.
D. Calculating the close-degrees of candidates
Before giving fineness function, we must give the distance calculation methods of the interval numbers. Hsu-Shih Shih [21] 
Here, we introduce a close-degree (fineness) function to evaluate ith plan (shown in Eq. (17)).
ˆˆˆ( , , ) ( , ) ( , ) ( , )
where the function takes QoS data of the ith plan and two ideal solutions as its inputs, and () d is the distance function of interval numbers, and the calculation method refers to Eq. (15) 
A. Comparison of DWSCA_TOPSIS and DMADM
As DWSCA_TOPSIS based on hybrid QoS model (including real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers) with higher description ability, we cannot based on the existing data of QoS described by real number to do experiments. So, we developed nine mobile location services and monitored three period QoS data (shown in Table 3 ). Let ( ) ( Table 4 ), we will demonstrate that DWSCA_TOPSIS is better than UMC in this section. In the experiment, the QoS of candidate is the aggregated QoS because UMC cannot evaluate multi-period QoS. We consider a mobile navigation service composition scenario: a mobile location task, a line display task and a road condition display task execute parallel. Qualities of candidate services for each task are aggregated based on our QoS aggregation algorithm and we assume that 15 service composition plans are the inputs of DWSCA_TOPSIS and their overall QoS data is shown in Table 4 . Therefore, DWSCA_TOPSIS is better than UMC. 
C. Time complexity of DWSCA_TOPSIS
We analyze the time complexity of DWSCA_TOPSIS on one PC with Intel Core 2 2.0 GHz CPU, 2 GB memory. There are two experiments in this section. 1), the number of periods is 3 and its weight is Fig.5 (b) . The result of experiment 1 demonstrates DWSCA_TOPSIS has linear or polynomial time complexity and experiment 2 demonstrates the performance of the algorithm is not affected by the number of periods of QoS data almost, so it is an effective and fast algorithm. In presented QoS models, the data types of QoS attributes include real numbers, interval numbers, triangular fuzzy numbers and intuitionistic fuzzy numbers. However, the proposed models cannot describe the QoS information with above four data types. In addition, there is not any appropriate approach for service composition to evaluate multi-period QoS data. This paper utilizes hybrid data types to describe QoS, and gives the operators of multi-period QoS aggregation and the method of QoS aggregation. Furthermore, this paper proposes DWSCA_TOPSIS algorithm to evaluate hybrid and multi-period QoS data. DWSCA_TOPSIS includes four main steps: converting hybrid QoS data into interval numbers, calculating weighted normalized decisionmatrix, determining the positive-ideal and negative-ideal solution, calculating the close-degrees of candidates. Finally, the experimental results show the advantages and effectiveness of the DWSCA_TOPSIS algorithm.
In the future, our on-going researches on web service composition are planned as follows. First, we plan to improve DWSCA_TOPSIS performance because lots of atomic services and tasks of composition service can generate a lot of composition plans will affect the user experience of DWSCA_TOPSIS. Further, a grouporiented algorithm for Web service composition is being developed when there are more than one user in some specific composition scenarios. In addition, we will design a Web service selection algorithm based on multiple QoS registration centers and heterogeneous QoS model.
